Introduction
Sunflower seed oil SSO is the fourth vegetable oil by quantity produced in the world. In the 2014-2015 crop year, 14.91 million metric tons was produced, i.e. 3 times more than peanut oil and almost 6 times more than olive oil 1 .
Frying is a rapid cooking method and fried food is appreciated for its flavour and consistence. Restaurant and food industries produce fried vegetable oil which can be considered as a free feedstock for bio-diesel production instead of a waste. The re-use of fried vegetable oil is also a good way to reduce environmental pollution both because the oil is not discarded and also because no energy is necessary to produce the bio-diesel feedstock but only to rectify it. SSO is one of the most widely used in frying because of its low price, in fact this is one of the most important parameters physicochemical properties of a vegetable oil take place both for its edible use and for bio-diesel production. One of the most pernicious is oil oxidation which influences negatively both edible use and bio-diesel production and which is responsible for the variation of many parameters such as free acidity FA , peroxide value PV , p-anisidine value pAnV , total phenols, kinematic viscosity KV , density D , cetane number CN . If the sunflower seed oil is to be used as a feedstock for bio-diesel production it must meet certain requirements such as: low acidity 2 and a low content of water and saturated triglycerides 3 . Low acidity and low saturated fatty acids are also important in the case of the raw edible use of SSO. Therefore it is important to know how long a sunflower seed oil can be heated before deterioration. Excessive oil oxidation produces reactive oxygen species which can damage DNA and reduce repair capacity 4 . For this reason, this work studies the influence of temperature and heating duration together with the variation in the physicochemical properties of the sunflower seed oil for edible use and for bio-diesel production and how many hours SSO can be used at a specific temperature for an edible use, and if it can be still used for a bio-fuel production.
EXPERIMENTAL
2.1 Vegetable oil regulations for edible use and quality standards for bio-diesel production and classi cation The edible physico-chemical properties of sunflower seed oil are stated by the Codex Stan for named vegetable oils 5 .
The DIN 51605:2010 is the German standard for rapeseed fuel for Diesel engines requirements and contains the values required for a crude rapeseed vegetable oil to be used as a source for bio-diesel production; methods for oil testing are also listed 6 .
The EN 14214:2014 lists the parameters that must be met to achieve the European quality standards for a biodiesel, analytical methods are also listed 7 .
The ASTM D6751 is the bio-diesel standard edited by the American Society for Testing and Materials specifying the parameters for B100 fuel. This standard identifies the parameters that pure bio-diesel B100 must meet before being used as a pure fuel or being blended with petro-diesel 8 .
Experimental design
Five 1L polyethylene bottles from the same lot, containing a labelled SSO were purchased from a supermarket.
The SSO from all the bottles was placed in a glass container and the SSO was stirred at room temperature for 10 minutes.
Twelve 100 g aliquots were placed in pyrex containers and were heated at 180 : three for 15 min, three for 30 min, three for 60 min and three for 120 min. The same heating times were repeated for a further 24 aliquots: twelve at 210 and twelve at 240 . At the end of heating, heated sunflower seed oil H-SSO was cooled to room temperature and stored in amber glass bottles 100 mL until analyses which were conducted within 2 hours from cooling.
Chemicals
All reagents for analysis type, for spectrophotometry type and for gas-chromatographic type were from Carlo Erba Milan, Italy . All standards were from Sigma-Aldrich St. Louis, MO, USA . 
Analyses

Antiradical Activity
The antiradical activity AA was determined as suggested by Kalantzakis et al. 11 and modified by Giuffrè et al. 12 .
In brief, a freshly prepared DPPH solution was dissolved with ethyl acetate and sunflower oil. The absorbance of this solution was read at 515 nm with an Agilent spectrophotometer, model 8453, Santa Clara, CA, USA . Data were expressed as percentage of inhibition.
Total phenols
The total phenols mg kg 1 were determined by the Folin-Ciocalteu colourimetric procedure with the method proposed by Singleton et al. 13 and adapted by Giuffrè et al. 14 .
2.4.6 p-Anisidine Value A SSO or H-SSO/iso-octane solution was placed to react in acetic acid with p-anisidine, afterwards the absorbance was spectrophotometrically determined in a Perkin Elmer instrument, model Lambda 2 15 .
Totox index
This was calculated with the following formula: p-AnV 2PV.
FAMEs
The fatty acids were transformed into their methyl esters FAME with KOH in methanol at room temperature by the procedure proposed by Consleg, annex XB method A 10 . Gas chromatographic conditions were previously described 16 .
Acid Value
For the acid value AV determination The oil was dissolved in an ethanol/ether solution 1:1 and an acid-base titration was conducted by KOH 0.1 N , results were expressed as mg KOH g 1 using the AOAC 969.17 method 17 .
Peroxide Value
The oil was dissolved in a chloroform/acetic acid solution 2:3 and titration was carried out by sodium thiosulfate in water 0.01 N , results were expressed as meq O 2 kg 1 10 .
Iodine Value
The iodine value IV determination is based on the titration of the liberated iodine through the potassium iodide from the excess solution of unreacted monochloride, with a solution of 0.1N thiosulphate, result was expressed as g I 2 100 g 1 10 .
2. 
Higher Heating Value
The method modified by Giuffrè et al. 18 was used. In brief, 1 g of oil was placed into a 1 g pellet of pressed cellulose before being burned and the higher heating value HHV was determined. Thereafter a 1 g pellet of pressed cellulose was burned and the HHV was determined again. The HHV of SSO and H-SSO was calculated by the difference between the HHV of the value determined with and without oil. Data were expressed as MJ kg 1 .
Estimated Higher Heating Value
HHV was found to be related to the KV. The higher the KV, the higher the HHV regression coefficient for a vegetable oil, r 0.9435 . Estimated higher heating value EHHV was calculated by the formula 0.0317 KV 38.053 19 
RESULTS AND DISCUSSION
Refractive Index
The refractive phenomenon that a ray of light undergoes, when passes from one medium to another, is quantitatively determined by a number which is called the refractive index, relative to the two means, in this case, air and SSO. The higher the RI, the more pronounced is the phenomenon of refraction. Temperature very highly significantly influenced the RI p 0.001 , more than heating time p 0.01 , and more than the combination of the two applied variables p 0.05 , 26 who found a constant RI increase in sunflower seed oil used to fry fish.
Free Acidity
Heating determines the hydrolysis of triglycerides and produces free fatty acids. FA is one of the most important parameter to judge the edible quality of a vegetable oil. FA is lowered in a vegetable edible oil by rectification after oil extraction, for this reason SSO showed an initial very low FA. In the studied SSO and H-SSOs the combination of heating time and heating temperature were found to significantly influence FA Table 2 . In the worst conditions 240 FA of H-SSO was more than double than SSO, from 0.15 to 0.35 after two hours of heating and showed a constant increase during heating. After 120 min of SSO heating, the FA was 0.28 and 0.31 respectively at 180 and 210 Table 1 . Temperature did not significantly influence free acidity whereas heating time had a very significant influence p 0.01 , Table 2 . FA was found to be correlated with p-AnV 0.7802 , with TOTOX 0.7629 and with K270 0.7162 . FA of a vegetable oil used as a feedstock for bio-diesel production is a very important parameter because if FA is less than 1 the alkali catalytic method is used for trans-esterification, whereas if FA is higher than 1 the acid catalytic process is adopted 27 .
The experimental conditions studied in this work produced a H-SSO which requires the alkali catalytic method for biodiesel conversion.
Spectrophotometric indexes
This analysis measures the absorption at typical wave-lengths of conjugated dienes and trienes. The isolated double bonds and the non-conjugated double bond systems do not show the characteristic bands in the spectral region between 210 nm and 300 nm, whereas the conjugated dienes have a maximum absorbance at 232 nm, and conjugated trienes have a maximum absorbance at 270 nm. The rectification of the oil after extraction and the oxidative process cause an increase in absorbance at 232 nm and 270 nm. In the studied oils the lowest K232 value was found in the SSO, thereafter this index quickly increased after 15 min heating and decreased with heating time Table 1 . This could be due to the subsequent oxidative reaction to which the primary oxidation products are subjected. On the contrary, the K270 increased constantly with time and temperature. The worst K270 index was found at 240 after 120 min of heating. The Consolidated Text on the characteristics of olive oil 10 indicates 2.50 and 2.60 as the maximum absorbance values at 232 nm for an extra virgin and a virgin olive oil respectively; only SSO was below these limits whereas H-SSO exceeded these limits within 15 min of heating at 180 . K270 always exceeded 1.10 of absorbance stated for a refined olive oil, the minimum value 1.27 was found in SSO. Both K232 and K270 indexes confirm findings of Casal et al. 28 which found an initial increase and a subsequent decrease in K232 and constant increase in K270 during frying 9 hours of a vegetable oil based mostly on SSO.
Antiradical Activity
This test determines the antioxidant power by reacting the SSO and H-SSO with a DPPH solution and analysing the UV decrease of the peak of the radical at 515 nm. The antioxidant compounds transfer an atom of the hydrogen radical, causing a decolourisation of the solution from purple to yellow. In the studied samples, the percentage of inhibition decreased during heating but remained near the initial value for the first 30 mins. At 180 and at 210 the AA value decreased twice in 120 min heating at 240 H-SSO i.e. 30 compared to SSO in the 120 min of heating Table 1 . The AA decrease was significantly influenced by temperature p 0.05 and very highly significantly influenced by heating time treatment p 0.001 , Table 2 . AA had a low correlation with phenols 0.5589 and a good correlation with K270 -0.6119 , with PV -0.7055 and with OSI 0.7442 .
Total phenols
Phenols are among the most important antioxidants in a vegetable edible oil 29 . As all the minor components of an oil they are related to many factors such as: the vegetable specie, the geographical area of production, the agronomical practices, the harvest date, the extraction system. In this study, the total phenolic content showed a constant decrease during heating and the worst result was found at 180 . The best performance of the SSO after heating was at 210 which had the lowest loss in phenols during heating: from 845 mg kg 1 to 662 mg kg 1 
Peroxide Value
Hydroperoxydes are unstable molecules and do not accumulate during frying but they decompose and form volatile compounds 30 .
The 
p-Anisidine Value
The p-AnV is the level of aldehydes 2-alkenals present in fatty substances, it is based on reactivity of the carbonyl group of the aldehydes with the amino group of the p-anisidine, which leads to the formation of a Schiff base. The p-AnV measured in an edible vegetable oil is considered to be acceptable when it is lower than 10 32 . Only SSO before heating was within this maximum limit Tables 1 and 8 .
The heating process caused a fast increase of this parameter and the p-AnV was 42.62, 65.56 and 65.27 within 15 min of heating at 180, 210 and 240 respectively Table  1 . The heating process produced a very highly significantly negative effect on the SSO and the p-AnV increased 108 times after 120 min at 180 and 120 times after the same period at 240 Table 1 . Both temperature and time of heating very highly significantly influenced the p-AnV Table 2 .
TOTOX index
TOTOX index describes the primary and secondary products of the oil oxidation 33 and informs about the past and actual oxidative state 34 . At 180 and 210 the TOTOX index increased mainly as a result of p-AnV because the high temperatures used in this experiment caused the spontaneous decomposition of hydroperoxides into volatile compounds and a reduced PV increase Table 1 . At 240 the p-AnVs and the TOTOX index were similar to those found at 210 whereas PV increased rapidly. At 240 the TOTOX index was found to be more related to PV rather than p-AnV, whereas at 180 and 210 the TOTOX index was more related to the p-AnV. Time of heating showed the highest influence on this parameter p 0.001 , the temperature highly significantly influenced TOTOX p 0.01 Table 2 . TOTOX index of SSO and H-SSO was found.
3.9 Fatty Acid Methyl Esters FAME composition affect the edible properties of a vegetable oil. Oleic acid, essential fatty acids and UFA are among the most important parameters from the dietary point of view 35, 36 . The complete FAME composition and the cis, trans functional groups are evaluated in deep-fat frying oils 37 . Many types of SSO exist, as a result of their FAME composition. Two main SSO types can be distinguished on the basis of the high 70 38 or low [30] [31] [32] [33] [34] [35] oleic acid content, and many other types having an oleic acid content between these two values of the total FAME content. The SSO studied in this work was a low oleic type. The two applied variables caused a variation in the FAME composition. In detail, the relative content of oleic acid mono-unsaturated increased during heating whereas the relative linoleic acid di-unsaturated content decreased under the same experimental conditions 39 , this trend was more evident at 240 Table 4 . The two-way ANOVA analysis showed that the variation in composition found in the FAMEs was due to the heating time, whereas the temperature was not significant in the large part of cases Table 5 . A very low content of α-linoleic acid was found in the SSO, which is the precursor of docosahexanoic acid, a long chained PUFA having a protective activity against dementia, Alzheimer s disease and the chronic daily headache 35 .
However, a high linolenic acid content is not advisable in a vegetable oil for frying use because the three double bonds Sign. *** *** *** *** *** *** *** *** *** *** *** *** are highly susceptible to oxidation. If the studied oil is considered to be a source for bio-diesel production, the linolenic acid methyl ester was always well within the 12 maximum stated by the EN 14214 Biodiesel Quality Standard 7 Table 3 . The decrease in linoleic acid and the increase in oleic acid was related to the increase in KV, the lower the linoleic acid, the higher the KV 40 . FAMES of SSO and H-SSO always were in the range of the edible and bio-diesel International standards Table  8 .
Acid Value
A low AV is required when a vegetable oil is used as a source for bio-diesel production for which the homogenous basic transesterification is commonly used. Transesterification shows a very fast kinetic reaction but increases the saponification reaction and the loss in bio-diesel yield production 3, 41 .
In our study, the AV of SSO was 0.31 mg KOH g 1 oil and increased constantly during heating. It was almost double 0.56 mg KOH g oil 1 after 120 min heating at 180 and it was double after 120 min heating at 210 . The increase was more than double 0.70 mg KOH g oil 1 for H-SSO after 120 min at 240 oils exceed this value only after 120 min heating at 240 and after 60 min heating at 210 Tables 6 and 8 . A low acidity is related to an easier digestibility of the H-SSO. If the H-SSO is considered as a source for bio-diesel production, heating never caused the AV to exceed the 2.0 mg KOH g 1 set as the maximum limit stated by the DIN 51605 for a rapeseed oil to be used for bio-diesel production 6 . In bio-diesel production a high AV causes a loss in quantity of bio-diesel produced and an increased cost of production. The combination of temperature and heating time showed the highest influence on AV p 0.001 , Table 7 . AV was correlated with KV40 0.6699 , with UFA -0.6041 , with C18:2 -0.7768 and with PUFA -0.7777 .
Iodine Value
IV gives information about the amount of unsaturations of a fat. IV is almost the same in fat/oil and in their corresponding methyl esters 42 . A high bio-diesel unsaturation degree can affect the polymerization of glycerides and the oxidation stability and form deposits in the injectors of the diesel engines 43 . Both in deep frying and in bio-diesel production, a low IV i.e. a low From the edible point of view, the Codex Standard for vegetable oils states a range of 78-90 g I 2 100 g 1 of oil for high oleic type SSO 5 ; a range of 94-122 g I 2 100g 1 of oil for mid oleic type SSO and a range of 118-141 g I 2 100 g 1 of oil for low oleic type SSO. The heating treatment applied to SSO in this work produced a continuous decrease in IV from the initial 132.82. The lowest IV 117.83 was found when the H-SSO was subject- Table 6 Physicochemical parameters of sunflower seed oil for bio-diesel production. Sign. *** *** *** *** *** *** *** *** *** * Means in the same column followed by a different letter are significantly different according to Tukey s test (*, p 0.05; ***, p 0.001) . Table 7 Sunflower seed oil for bio-diesel production with significant differences. ed to the worst stress 240 -120 min , this value was below the minimum request for an edible SSO Tables 6 and 8 . The IV decrease could be due to the formation of volatile compounds and to the formation of polymers from double bonded fatty acids. The decrease in IV of the SSO and of the H-SSOs was in agreement with the linoleic acid and PUFA decrease and with the SFA increase Table 4 . From the bio-diesel production point of view, the DIN 51605 states a maximum of 125 g I 2 100g
1 of oil 6 and the heating treatment did not worsen this parameter Table 8 . The two-way ANOVA analysis showed that temperature did not influence the IV; heating time showed a significant effect p 0.05 and the combination of temperature and time had a very highly significantly effect p 0.001 , Table 7 . Similar data for IV decrement were found in fried SSO 26 .
Oil Stability Index
Rancimat instrument accelerates the natural processes of oil ageing by exposing the sample to a high temperature in the presence of a high air flow and determines the time required to start the oxidation induction time. The SSO showed a low OSI already before heating 3.77 h and the heating treatment caused a continuous decrease in less than 1 h of resistance for H-SSO after 120 min of heating Tables 6 and 8 . Temperature highly significantly influenced OSI p 0.01 , heating time showed a significant effect p 0.05 , and the combination of the two variables had a very highly significantly effect p 0.001 , Table 7 . The DIN 51605 states a minimum of 6 h for a rapeseed oil to be used for bio-diesel production 6 , for this reason if H-SSO is to be used for bio-fuel production, the OSI has to be improved. Marinova et al. 39 compared the OSI of SSO with other vegetable edible oils such as: corn, grape, pomace olive, soybean and found SSO to have the lowest resistance to oxidative inducted degradation. Findings of this analysis confirm that SSO, particularly the low oleic type, do not have to be heated for long time.
Kinematic Viscosity
The KV of a fried vegetable oil was found to influence the oil content in fried food: the higher the viscosity, the more oil absorbed by the fried food 44 , therefore it is advis- KV of a bio-fuel is related to the KV of the vegetable oil from which bio-fuel has been produced. A high KV causes the formation of larger droplet size, the formation of polymers 45 and the possible formation of deposits in the engine 25 . The DIN 51605 states a maximum of 36 mm 2 s 1 when the KV is determined at 40 6 . SSO showed a KV of 37.72 and this value increased with time, consequently SSO and H-SSO were always above the maximum stated by the actual regulation Table 8 . The two-way ANOVA analysis showed that temperature did not significantly influence KV p 0.05 , whereas heating time had a significant effect p 0.05 ; the combined temperature and time showed a very highly significant effect p 0.001 , Table 7 . The longer the time of heating of SSO, the worse the KV of the H-SSO as a source for bio-diesel production.
Higher Heating Value and Estimated Higher Heating
Value Lower heating value LHV is the quantity of heat produced during the combustion of a vegetable oil which assumes the latent heat of vapourisation of water in the reaction products is not recovered. HHV is the quantity of heat produced by the combustion of one gram of vegetable oil once the combusted products have returned to their initial temperature before combustion , which considers the latent heat of vapourisation of water in the combustion products. The HHV of methyl ester is lower than that of diesel because of its higher O 2 content 43, 46 . As SSO is extracted by an apolar solvent, it does not contain water and HHV can be considered very similar to LHV. The German standard DIN 51605 indicates 36 MJ/kg as a minimum LHV for a rapeseed oil 6 . The studied SSO and H-SSOs showed an HHV and EHHV always above this minimum value Tables 6 and 8 and the heating treatment did not reduce the potential of SSO for bio-fuel production. HHV increased with the increase of temperature p 0.01 and increased with the time of heating p 0.001 , Table 7 .
Density
The density of a vegetable oil influences the density of a bio-fuel. RD is negatively related to the molecular weight of fatty acids and it is positively related to the degree of unsaturations 47 . The German DIN 51605 states a minimum RD of 910 and a maximum of 925 kg/m 3 for a rapeseed oil 6 .
The SSO and the H-SSO were within this range at the lowest temperature applied; thereafter the RD exceeded the maximum limit at 210 and at 240 after 60 and 120 min of heating Tables 6 and 8 . D increased constantly with heating duration, the same happened with the increase in temperature. The temperature p 0.001 influenced more significantly the D, than the time of heating p 0.05 , Table 7 . Anjum et al. 48 in SSO extracted from roasted seeds exposed to a different roasting duration, found an increasing trend in D, in fact, the longer the roasting, the higher the SSO D.
Cetane Number
The CN is positively related to chain length and negatively related to number of double bonds of fatty acids 49 . It is negatively related to the NOx emissions 50 , with particulate emissions 51 and with ignition delay 52 . A high CN facili-tates the cold start of an engine and reduces the white smoke production 53 Table 7 .
CONCLUSIONS
The high temperature and the heating time influence negatively and progressively all the physicochemical and the nutritional properties of sunflower seed oil, however, the peroxide value after 120 minutes at 240 , remained below the maximum stated by the Codex Alimentarius for an edible vegetable oil. After 120 min heating at 240 the sunflower seed oil maintains the acid value, the iodine value, the higher heating value required by the German specifications DIN51605 for rapeseed oil as a source for bio-diesel production, and also maintains the cetane number required by the European EN 14214 and by the American ASTM 6751 bio-diesel quality standards. Findings of this work showed that the most appropriate heating temperature for low oleic sunflower seed oil is ranging between 180 and 210 and that this oil can be heated for 120 min long because in these conditions it shows a degradation compatible both with its use as a food and for its subsequent use as a feedstock for bio-diesel production.
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